TESTS OF A PROTECTIVE SHELL PASSIVE RELEASE MECHANISM 
FOR HYPERSONIC WIND-TUNNEL MODELS 


Richard L. Puster* and James E. Dunn** 

ABSTRACT 

A protective shell mechanism for wind tunnel models was developed 
and tested. The mechanism is passive in operation, reliable, and imposes 
no new structural design changes for wind tunnel models. Methods of predicting 
the release time and the measured loads associated with the release of the 
shell are given. The mechanism was tested in a series of wind tunnel tests to 
validate the removal process and measure the pressure loads on the model. The 
protective shell can be used for wind tunnel models that require a step input 
of heating and loading such as a thin skin heat transfer model. The mechanism 
may have other potential applications. 

INTRODUCTION 

Hypersonic wind tunnel models sometimes require protection from pressure 
loads associated with the start or unstart of the wind tunnel, the loads caused 
by insertion into the test stream, and thermal and aerodynamic loads of the 
test medium until exposure of the model is desired. A passive system has been 
developed which shields a wind tunnel model from a hot hypersonic test medium 
and then exposes the model to a step input of aerodynamic heating and loading - 
a useful technique for experimental heat transfer studies. The protection 
system is novel in that no active electrical, mechanical, or explosive devices 
are required for the removal of the protective shell. 

This paper will describe the design and performance of a protective shell 
mechanism that was tested in a wind tunnel to verify the operation of the 
mechanism and to measure the transient loads associated with the release of 
the protective shell. 


SYMBOLS 

h heat transfer coefficient (W/m -K) 

I impulse (W/s ) 

K heat input parameter (equation 1) 

L model length (cm) 

M Mach number 

N_ Unit Reynolds number per m 

P pressure (kPa or MPa) 

P mean pressure (kPa or MPa) 

*NASA Langley Research Center, Hampton, VA 

**Prototype Development Associates, Santa Ana, CA 
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r radius (cm) 

R gas constant - — ^ — 

kmol-K 

s surface distance (see figure 5) 

t time (s) 

T temperature (K) 

T mean temperature (K) 

X axial distance along model (cm) 

a standard deviation 

Subscript: 
b base 

c cone 

Cl center of impulse 

oc plenum conditions in combustor 

p test section pod 

o' total or stagnation point or first exposure of forward split 

nut to aerodynamic heating 

w wall 

zr - temperature at retaining ring failure 

1 time to retaining ring failure 

2 pitot or time for cavity between model and shell to fill and aft 
retaining ring to break 

3 total time required for all of protective shell components to be 
downstream of model 

00 freestream 


TEST MODEL ASSEMBLY AND OPERATION 
Protective Shell Assembly 

Figure 1 illustrates the components of the protective shell and the wind 
tunnel model. The shell was made of two longitudinally split fiberglass petals 
formed with support pads as shown in the figure. The petals are held in place 
by a forward restraint/release nut and an aft restraint band. The forward split 
release nut, shown in detail in figure 2, was fabricated of low brass (Q0% Cu; 
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20% Zn) in two pieces which were held together by a zinc retaining ring. The 
brass nut halves were lap finished at the part plane to produce essentially zero 
clearance when assembled. A zinc retaining ring was fitted into a circular 
groove at the rear of the nut, compressed to twice the yield strength of the 
zinc, and the excess zinc was then machined flush with the brass. A hole was 
then drilled and tapped into the aft face of the assembled nut. A brass bolt 
with a conical head was made to nest inside a matching internal conical cavity 
in the split halves of the petal. By screwing the split nut onto the bolt* 
the protective petal halves were held and compressed together at the forward 
end. At the aft end of the model an adaptor ring was installed on the base of 
the cone and the petal halves were held in place by an external, frangible 
fiberglass band. 


Model 

The wind tunnel model was a spherically blunted, 15 degree half-angle 
cone with a 3.6 cm nose radius, a length of 6l cm, and a base diameter of 38 cm. 
The model had a gas driven impulse turbine permitting it to be rotated between 
1 to 5 revolutions per second. A photograph of the assembled model in the 
test section of the wind tunnel is shown in figure 3. A device was installed 
at the base of the model to catch the adapter ring for reuse and to prevent 
damage to the adapter ring or the model support sting. 

The purpose of the rotation was to make the investigation general in 
scope so that the results could be applied to freely spinning flight bodies. 

Most wind tunnel models do not rotate and are inserted into the test medium 
at a zero degree angle of attack; therefore the release dynamics were investi- 
gated at this condition as well. 

Operational Mechani sm 

The protective shell removal mechanism is relatively simple. When the 
model is inserted into the flow, aerodynamic heating to the split nut 
transfers heat inward raising the temperature of the retaining ring. When 
the retaining ring is hot enough to lose its strength the two halves of the 
split nut separate, exposing the annulus between the model and its protective 
shell to high aerodynamic pressure. As the petal-model annulus fills, the 
petals open further and break the aft restraining band. As a result of 
aerodynamic forces, the bolt and petals move away and outward from the model. 
Freestream turbulence, gravity, and flow misalignment cause the bolt to be 
removed from the nose. The petals fracture, and the fragments, the bolt, 
split nut halves, and the parts of the aft restraint band are all accelerated 
downstream. 


Instrumentation 

The model had twenty semiconductor pressure transducers (see ref. 1 and 2 
for a description of this type of transducer). The temperature of the retaining 
ring of the forward split nut was measured using two spring loaded chromel 
alumel thermocouples mounted through the bolt. The spin rate of the model 
was measured using a fixed Hall effect proximity sensor and permanent magnets 
rotating with the model. A blunt nose with the same geometry as the forward 
split nut was made and instrumented with four Gardon-type heat flux gages and 
was used in separate tests to measure heat flux and its distribution on the 
flat faced portion of the nose. In another series of tests a sharp cone 
was fitted to the model and used with the surface pressure transducers to 
calibrate the test flowfield. Motion picture coverage at 400 and 1000 fps 
was used to record the protective shield removal process. 
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FACILITY AID TEST CONDITIONS 


The tests were performed in the Langley 8-Foot High-Temperature Structures 
Tunnel, a hypersonic blow down wind tunnel. The high-energy test stream 
consists of the products of combustion obtained from a mixture of methane 
and air burned under pressure in a plenum chamber. The flow is expanded through 
an axi symmetric , contoured nozzle to approximately Mach 7 into an open-jet 
test section. The flow is decelerated in a supersonic diffuser. Additional 
information about the facility and test procedures may be found in references 
3 9 and 5- The nominal test conditions are given in Table I. The stream gas 
composition,, the thermodynamic, transport and flow properties, used for 
calculating heat flux and flow parameters, were calculated from a thermochemical 
computer code (ACE) described in reference 6. There was no particular flight 
condition simulated although the equivalent earth altitude is listed in Table I 
for reference. The matrix of test conditions provided a range of variables 
including heat flux, spin rate, angle of attack, model pressure, and freestream 
pressure. 


DATA ACQUISITION AND SPECIAL COMPUTATIONAL TECHNIQUES 

Data Acquisition 

The information from model test sensors consists of low frequency data 
such as the temperature rise of the retaining ring, and very high frequency 
data, such as the transient surface pressures during the petal removal process. 
The output of the gages was recorded at 20 samples per second on a low 
frequency system filtered at 2 Hz, and concurrently on two FM tape recorders. 
The signal from the gages was input to each system with an isolation amplifier 
with a gain of 1. The FM recorded signal was flat to within 1 db up to 20 kHz. 
The FM data were sampled at 50 x 103 samples per second to prevent aliasing 
(see ref 7) and filtered at 12.5 kHz using a sharp rolloff constant amplitude 
filter ( i+8 db/octave). Consequently the data should be accurate to at least 
10 kHz. Ground loop electrical noise at 60 Hz was present but was of such a 
low magnitude that the transient data were unaffected and because of the 2 
Hz filter the low frequency data were not affected at all. 

Flowfield Calibration 

The flowfield and the conditions at the surface of the cone in particular 
were calculated with the use of the gas properties calculated from reference 6 
and used as Input to the program of reference 8. Figure k presents the results 
of some of those calculations. The ratio of cone surface pressure to free- 
stream static pressure is given as a function of freestream Mach number for air 
and various total temperatures of the combustion products. The information 
from reference 9 was used to verify the computational method of reference 8 for 
air. It is evident from figure k that as the total temperature increases there 
is a significant difference between the values of the cone to freestream 
pressure ratio for air and for combustion products over the Mach number range 
shown. 

The tunnel conditions were assumed to be constant for the capture diameter 
(38 cm.) of the cone. This is a reasonable assumption since the flowfield 
diameter is 2hh cm and previous calibrations, reference 10, have indicated that 
the flowfield is fairly uniform over a 102 cm diameter of the center of the 
wind tunnel. Using the sharp nose cone with the bare wind tunnel model and by 
varying the position of the support strut, the flow Mach number and its radial 
distribution were determined with the use of the curves of figure h. The flow 
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for the test conditions of Table I has a mean Mach number of 6.75 with a stan- 
dard deviation about the mean of 0.077 ( o ) for the central 2 m core of the 
flow. 


PREDICTION TECHNIQUES 

In order to predict when the release of the forward split nut would 
occur, it was necessary to utilize a good heat transfer prediction; measure 
the actual heat flux; develop a release time prediction; and correlate the 
parameters. The following sections will elaborate on each topic. 

Heat Transfer Prediction and Measurement 
The heat transfer coefficient distribution about the face and after body 
of the forward split nut was calculated using the methods of references 11 
and 12 and the gas properties calculated by reference 6. Tests were made using 
the blunt nose with the Gardon type heat flux gages and yielded the heat 
transfer coefficient distribution shown in figure 5 to an s/r^ of 0.65. 

The results shown are for an angle of attack of zero; all other conditions of 
angle of attack, spin rate, total pressure and temperature were measured but 
are not reported here. The heat transfer coefficient distribution was 
calculated and measured in reference 11 for air at a Mach number of 8.0. The 
agreement between the coefficient distribution for air and that of the present 
test as shown in figure 5, using combustion products was very good. The 
continuous increase in heat transfer coefficient can be substantiated by 
similar distributions found in references 13 and 1^+ . In all these references 
and in the present tests, the unit Reynolds number of the flow was high (at 
least 3 million per m) and the flow hypersonic. Since the flat face geometry 
of both was identical (up to s/r^ = 0.8l) and the Mach number and Reynolds 
number were similar, the coefficient distribution up to an s/r^ of 0.8l 
from reference 11 was plotted and used in figure 5- The distribution about 
the rest of the forward split nut was calculated using the methods of 
reference 12 and a modified Newtonian pressure distribution. Other methods of 
predicting heat transfer are reviewed in reference 15; in general the methods 
yield values that can vary up to 10 percent from each other. The agreement 
between the measured values and the curve from reference 11 gives good 
confidence for the technique used. 

Split Nut Release Time Prediction 
Using the computer code SINDA of reference 16 and the combined 
measured and calculated heat input distribution, the temperature of the 
surface and inner temperatures of the brass split nut and zinc retaining 
ring were calculated as functions of time and position. A typical result 
of these calculations is shown in figure 6. Figure 6 shows the calculated 
internal temperature distribution of the forward split nut and zinc retaining 
ring at the zinc retaining ring failure time. Based on the results of the 
calculations, the zinc should melt in about 20 seconds for the conditions shown 
and the split nut should then come apart. 

Release Time-Heat Load Correlation 

A simplified method of predicting stagnation heat flux was. developed 
in reference 17. Eckert's reference temperature was used and a Lewis number 
of one (no dissociation) was assumed. The derived expression was compared 


171 



with that of Fay and Riddell (reference 18) and found to agree within about one 
percent. By using the methods of reference IT, the maximum variation of the 
measured stagnation heat transfer coefficient from that calculated was about six 
percent . 

A heat input parameter for use in release time correlation may be 
derived from the expressions of reference IT for stagnation point heat 
transfer coefficient. Any variables found to have less than a 2 percent 
effect on the heat transfer coefficient were dropped to simplify the 
expression derived. The heat input was normalized such that the resulting 
parameter was less than 1.0 for this experiment. The resulting parameter, K, 
is given by: 


where 


K = 


IP ' T °' l8 (T -T ) 
o,2 o o w' 

50,000 



ft 1 

Jto T v dt 


( 1 ) 


( 2 ) 


The heat input parameter, K, will be used to correlate the release time of 
the split nut as a function of time. 

RESULTS 

Split lut Release Time 

In figure T, the observed and calculated split nut release times, t , 
are plotted as a function of the parameter K. The calculated release 
time as shown in the figure agrees reasonably well with the experimental 
data with the agreement between theory and experiment being better for the 
longer duration tests (lower heat flux). Near the solidus point of the 
zinc alloy (6^5K for AG^OA) used, the variations in strength and fabrication 
translate into variations in the release time of the split nut. The observed 
split nut release times and the failure temperature, T zr , of the zinc retaining 
ring are tabulated in Table II. The observed temperature of the retaining 
ring at failure varied from 6lT to 62 5K with a mean value of 622K. If 
the mean strength of the zinc was used as the most probable failure stress, 
then the retaining ring would fail at 625K which was the measured maximum 
failure temperature. Thus, the prediction techniques used appear to be valid 
and reasonably accurate. 


Protective Shell Removal 

The removal process can best be studied by observing the sequence of 
photographs of figure 8. As seen in the figure, after about 16 to 18 ms, 
the petals have opened enough so that the load on the aft restraint band 
causes it to fail. The petals move outward from the model and fracture, the 
split nut halves, the bolt, the fractured petals, and the broken aft restraint band 
are all accelerated downstream. In figure 8, the bolt remains on the nose 
since it was held there by the thermocouple assembly, which was mounted through 
the bolt and used to measure the zinc retaining ring temperature. When the 


172 



thermocouple assembly was not used the bolt, left the nose as expected. In 
all of the observed tests (using eight (8) 1000 fps and four (4) 400 fps 
cameras on each test) the removal process was essentially the same, requiring 
about 35 to 60 milliseconds (see Table II ). No model impacts by the compo- 
nents of the protective mechanism were observed even at the highest angle 
of attack (a = 9°) and lowest rotational speed. The aft restraining band 
always broke before the petals fractured. However, at the highest angle of 
attack (a = 9°) an additional 1/4 spin revolution was required before the 
windward petal flew outward from the model. In addition, the bolt, when 
not restrained by the thermocouples, left the nose and traveled downstream. 
Thus the removal process appears to be reliable; however, downstream tunnel 
components must be rugged to withstand the bolt and nut impacts . 

The mechanism is most suitable for open circuit (usually blow down type) 
wind tunnels but could be employed in closed circuit wind tunnels which 
use capture nets to screen debris before return to the compressors. If the 
model does not spin, the mechanism can only be used when the angle of 
attack is zero or near zero. 


Transient Loads 

Figure 9 presents a typical low frequency model surface pressure history 
and figure 10 a typical transient pressure history of the cone surface. As 
can be seen from figure 9 the seams between the petals are not perfect and 
allow the pressure between the shell and model to increase above the test 
section static pressure but substantially lower than the surface pressure on 
the outer surface of the shell. However, there was no detectable heating of 
the model surface. As the split nut opens, the interior pressure increases 
at a faster rate; then the protective shell is removed and the pressure on 
the model quickly reaches the cone surface pressure. The transient pressure 
history is shown in detail on figure 10. The figure shows the background line 
60 Hz noise; the frequency was determined by auto-correlating the signal before 
and after the shell removal. The smaller oscillations are caused by broadband 
turbulent boundary layer. noise. The process of the pressurization of the 
cavity between the shell petals and the model requires about l4 to 18 ms, 
being faster for the higher stagnation pressure. The interior pressure 
increases to 1.5 to 3 times the cone surface pressure with the pressure rise 
being greater toward the aft end of the cavity. When this process has been 
completed, the load on the aft restraining band causes it to break. Immediately 
thereafter, the petals move outward with a consequent sharp drop in cone 
surface pressure. There may be one relatively slow, major amplitude, oblique 
shock wave, indicated by the sharp spike in pressure, or there may be two 
or more pressure spikes (fig. 10b). These transient pressures may occasionally 
reach TO to 80 percent of the pitot pressure, but the most probable value 
observed is 50 percent or less of the pitot pressure with the amplitude of the 
shock wave decreasing towards the forward end of the cone. 

The pressure history from each of the 20 pressure gages was integrated 
with respect to time, then area, and the impulse imposed on the model was 
calculated from 
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P dt) 


(3) 
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where An are equal surface area segments. 

The effective location of the impulse relative to the body was also cal- 
culated. These values plus the cavity fill and removal times are tabulated 
in Table II, The Impulse imparted to this model during the petal removal was 
usually less than 13 N/s at low angles of attack (0 to 3 degrees); however, at 
larger angles of attack (6 to 9 degrees), the lateral impulse varied from 
3 6 to 53 N/s. These loads are still extremely low and should present no 
problem to any wind tunnel model or most flight vehicles. 

Potential Applications 

In addition to wind tunnel use, the mechanism could be used for the 
protection of axisymmetric high velocity research vehicles from particle 
or water impact damage or for heat transfer research. Other applications 
could be a protective shell for a planetary research probe. The mechanism 
is reliable, passive, and should be functional indefinitely. 

CONCLUDING REMARKS 

A protective shell mechanism has been developed that will shield a 
wind tunnel model and then expose the model zo the hypersonic flow field. 

The mechanism is completely passive in that aerodynamic heating of a brass 
forward split nut, held together by a zinc retaining ring, caused the ring 
to fail and thus exposed the petals of the protective sehll to aerodynamic 
loading. As the cavity pressure between the model and shell petals increases, 
the loading on an aft restraint band causes it to break. Then, all of the 
components of the protective shell mechanism are accelerated downstream and 
out the wind tunnel diffuser. The expected removal process was validated 
by a series of wind tunnel tests that included varying the heat input, the 
model angle of attack, and spin rate. The time required for the release 
process to begin could be calculated with reasonable accuracy and the 
removal process occurred in 60 ms or less. The mechanism worked reliably 
with no model strikes from shell components, although at the highest angle • 
of attack an additional 1/1+ revolution was required to separate the windward 
petal. Transient surface pressures were measured and the net lateral impulse 
delivered to the model was usually less than 15 N/s for angles of attack below 
3 degrees; however at larger angles of attack (6 to 9 degrees) the impulse 
varied from 3 6 to 53 N/s. The protective shell mechanism can be used for 
wind tunnel models and has potential application to high velocity research 
vehicles. 
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TABLE I. TEST CONDITIONS 
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TABLE II. SUMMARY OF TEST RESULTS 
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16 

55 
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3 

20.05 

17 
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23 
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25 
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23 
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35.6 
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* - RETAINING RING THERMOCOUPLES NOT USED SO BOLT BEHAVIOR 
COULD BE EVALUATED 
t - TIME OF SECOND PETAL REMOVAL 













































Figure 2.- Details of split release nut. 
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Figure 3.- Assembled model in test section of wind tunnel. 
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COMBUSTION PRODUCTS 



Figure 4 . - Variation of cone to freestream pressure ratio with • 
freestream Mach number 
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— 

CALCULATED FOR THIS TEST FOR s/r fa > 0.81 



Figure 5.- Variation of heat transfer coefficient over surface of 
forward split release nut. 
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TIME = 20s 
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x, cm 

Figure 6.- Contour plot of isotherms through the nut and zinc retaining 
ring. 



Figure 7*- Comparison of the calculated and experimental split 
nut release times.’ 
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Figure 10.- Dynamic pressure history of cone surface during petal 




